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197 1 .-Rat liver mitochondrial functions were studied after hemorrhagic hypovolemia and Escherichia coli endotoxin shock. The respiratory activity in State 4 was increased indicating normal utilization of substrates and oxygen, but loose coupling. The electron-transfer reactions induced by substrates were unaltered. The respiratory rates in State 3, however, were inhibited in the presence of any of the substrates used, succinate, glutamate-malate, or aketoglutarate. Due to increased State 4 and decreased State 3 rates, the respiratory control ratios dropped from control values of 6-8 to about 2. The ADP utilization rate decreased parallel with the respiratory rates. Also, an addition of ADP to mitochondria prepared at final stages of shock failed to induce steady-state changes of the cytochromes. The mitochondrial uncoupler-sensitive ATPase activity was inhibited as well by 7075. All these alterations occurred both in hemorrhagic and endotoxin shock. The only significant difference was the dependence of the alterations on the length of the shock. The data suggest that the mitochondrial defect caused by shock is in the adenine nucleotide translocase and/or utilization mechanism in connection with the fault in ATPase activity. oxidative phosphorylation; electron transfer; respiratory enzymes; mitochondrial ATPase; E. coli endotoxin; subcellular response in shock ELEVATIONS OF THE CONCENTRATION of serum lactate, the end product of anaerobic metabolism in septic shock (14, 17) , suggest that glucose metabolism passes freely through the glycolytic Embden-Meyerhof pathway to lactate, but that the end product of glycolysis is not effectively removed or utilized in the cell. If the latter is the case, the fault along the metabolic pathway could be on the oxygen side of the pyruvate-lactate pair, and thus in the oxidative metabolism, which takes place in mitochondria. The same conclusion could be reached on the basis of decreased total oxygen consumption (4, 14) and low tissue adenosine triphosphate (ATP) levels (18) in septic shock. Our earlier work on the inhibition of mitochondrial functions due to the binding of Escherichia coli endotoxin to normal intact mitochondria in vitro suggests that the oxidative metabolism could be defective in septic shock (9, 10). The work to be presented in this paper was designed to study the effect of hemorrhagic and endotoxin shock on mitochondrial metabolism.
The alterations common to both types of shock were found to be: I) inhibition of mitochondrial adenosine triphosphatase (ATPase) activity; 2) uncoupling of respira- of the individual cytochromes to additions of substrate and ADP. In Fig. 4 The bottom trace of Fig. 4 shows the same sequence of responses in mitochondria after endotoxin shock. The succinate response is similar to the control, which indicates that the electron transfer induced by succinate proceeds normally.
However, the addition of ADP does not under these conditions induce any steady state change of cytochrome b. At earlier stages of both endotoxin and hemorrhagic shock the ADP response can still be recorded. However, it is smaller than the response in control mitochondria. Also, the ADP cycle time increases towards later stages of shock. phosphorylation. The middle trace is the measure of the ADP utilization rate. Besides the fact that there is a decline in all these three parameters with declining respiratory control, all three traces show an initial increase with decreasing respiratory control. This indicates that in shock the first drop in respiratory control, which in the case of succinate is from 6 or 5 to 4, is due to increased State 4 respiration and not due to decreased State 3 respiration or ADP utilization.
Thus, in the beginning stages of shock, the respiratory activity in both State 4 and State 3 increases as well as ADP utilization.
Only after this initial rise, which occurs within the first 2 hr after endotoxin injection, ADP utilization and oxygen uptake drop linearly with time and decreasing respiratory control. At the point where the respiratory control ratio is 1, ADP is not utilized (middle trace) and does not stimulate respiration (bottom trace, Fig. 5) Inhibition of mitochondrial A TPase activity. In the experiments of Fig. 6 the uncoupler-sensitive ATPase activity was measured by measuring the rate of hydrogen ion production due to ATP hydrolysis. The reaction was initiated in a mitochondrial suspension after an addition of 1.9 mM ATP by varying concentrations of uncoupling agent carbonyl cyanide p-trifluoro-methoxyphenylhydrazone (FCCP). The maximum activity in each preparation was used for the graph shown. The concentration of FCCP needed for maximal activity varied from 0.1 to 0.4 PM.
The assays of ATPase activity were also done in broken mitochondria thus eliminating the permeability barrier to adenine nucleotides.
The inhibition of ATPase activity measured under these conditions was the same as in intact mitochondria. Figure 6 shows the ATPase activity as A [H+] 
